APPENDIX A: MACHINE GRAPHICS

Appendix A

1. (a)
X sinx | |X — sinx]| X | sinx | |[x — sinX|
-1 | -0.84 0.16 1 |084 0.16
—0.5 | —0.48 0.02 0.5 | 0.48 0.02
-0.1 | -0.10 0 0.10| 0.10 0
—0.01| -0.01 0 0.01| 0.01 0

(b) The number @6 can replace.009. (So, of course, can any larger number.)

(c) This can be done by graphing the express$jmix) — sinx| over the interva]—0.65, 0.65].

(d) (—a,a) = (—0.18,0.18)—i.e.,a = 0.18—will work here. Any smaller value & will also do the
trick.

3. It's important to notice that although the picture looks the same as in the previous exercise, the units on the
x-axis have changed. The effect is that slopesiarieled by 10.

(@) No lines have slope greater than 1.

(b) LineA is described by the equatign= 2x/15— 1/2 and lineD is described by the equation
y = —x/40— 1/8. These lines intersect at the po{b/19, —7/39).

5. Each answer below is only one possibility—there are others.

(a) Choosingrange[1.56, 1.58] andyrange [0, 2] is one possibility. Thus the window
[1.56, 1.58] x [0, 2] works.

(b) [-0.1,0.1] x [-0.1, 0.1]
() 3.1, 3.2] x [—0.05, 0.05]
(d) [1, 5] x [-0.01, 0.01]
(e) [-7, 0l x [-1,0]

7. Each answer below is only one possibility—there are others.

(@) Choosingrange [—0.1, 0.1] andyrange [—1, 1] is one possibility. Thus the window
[—0.1,0.1] x [—1, 1] works.

(b) [0.9, 1.1] x [0.8, 1.2]
() [-1.1, —0.9] x [0.8, 1.2]
(d) [0, 10] x [24, 26]

(e) [-1,1] x [0, 1]

9. The roots are ~ —0.767,x = 2 andx = 4. (The last two are exact.)
11. The only root ix ~ 0.73.
13. f has crosses the-axis atx ~ —2.62 and ax ~ 2.25, so these points are roots bf
15. f has crosses theaxis atx ~ 0.74 and ax ~ 3.02, so these points are roots bf
17. f has crosses the-axis twice, atx ~ —1.91 andx ~ —0.671, so these points are the only rootsfof

19. (@) Agraph off (x) — r(x) reveals thatf (x) —r(x)| < 1/2if -1 <x < 1.
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APPENDIX A: MACHINE GRAPHICS

(b) From a graph off (x) —r (x), one can determine that (x) — r (x)| < 0.001 if —0.32 < x < 0.32.
Thus,a = 0.32.

A graph off (x) — g(x) reveals that-0.033< f(x) — g(x) <0.018if1<x < 3.
The viewing window1.9, 2.1] x [3.6, 4.4] works.

The viewing window—0.05, 0.05] x [0.9, 1.1] works.

The viewing window4.995 5.005] x [0.9, 1.1] works.

The viewing window—0.01, 0.01] x [0.9, 1.1] works.

The viewing window0.9, 1.1] x [0.9, 1.1] works.

The viewing window—0.1, 0.1] x [0.9, 1.1] works.

—1< f(x) <1 foranyx. Furthermoref (w/2) = 1 andf(—n/2) = —1. Sincer/2 ~ 0.157, the
maximum value off over the interval|—10, 10] is 1; the minimum value is-1.

Itis clear from a graph thdt achieves its maximum and minimum values at the left and right endpoints of
the interval[—10, 10], respectively. Thus, the maximum value obver the interval—10, 10] is
f(—10) = 10/21 ~ 0.476; the minimum value i (10) = —10.

The maximum value of over the interval—10, 10] is f (0) = 0; the minimum value i (10) = —100.
The maximum value of over the interval—10, 10] is f (10) = 100; the minimum value i (0) = 0.

The maximum value of over the interva]—10, 10] is f (10) = 924; the minimum value is
f(—10) ~ —99.999.

The maximum value of over the interva[—10, 10] is f (0) = 3/4; the minimum value i (10) = 3/104.

The maximum value of over the interva]—10, 10] is f (10) = 113 = 1331; the minimum value is
f(—10) = (—9)% = —729.

The maximum value of over the interva]—10, 10] is f (10) = 10,503; the minimum value i (0) = 3.

The maximum value of over the interval—10, 10] is 72; its minimum value is-72. (The maximum and
minimum values occur at+/ 72~ +8.485.)

Foranyx, —1 <sinx < 1. If -1 < x <1, cos 1< cosx < 1. Thus, the maximum value df over the
interval[—10, 10] is f (0) = 1; the minimum value i¥ (;r/2) = cos 1~ 0.540.
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Appendix B

1.

11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

(a) Thisis the interval-3 < x < 2 (only the left endpoint is included in the interval).

(b) Thisis the interval-3 < x < 2. (neither the right nor the left endpoint is included in the interval).
(c) Thisisthe interval-3 < x < 2. (both the right and the left endpoints are included in the interval).
(d) Thisis the interval-3 < x < 2. (only the right endpoint is included in the interval).

The set defines an interval of length 10 that is centeredland includes only the left endpoint. Thus, the
interval is[—6, 4).

. The set defines an interval of length 7 that is centered /& aad includes both endpoints. Thus, the

interval is[2, 9].
(a) The interval—5, 3] has length 8 and is centered-at. Since both endpoints are part of the interval,
the interval is the solution set of the absolute value inequidity 1| < 4.
(b) The midpoint of the intervdk, b] is (a + b)/2 = ((—=5) + 3)/2 = —1.
(c) The radius of the intervah, bl is (b — a)/2 = (3— (-5))/2=4.

. X is a solution of the inequality if2+ 3 > 50or 2x + 3 < —5. Now,

2X+3>5 = 2Xx>2 =— x>1. Also,X+3<-5 = 2x < -8 = x < —4. Therefore, the
solution set of the absolute value inequality, expressed in interval notatiohpds —4] U [1, 00).

The solution set consists of those points that are farther from 2 than{Borin interval notation, the
solution set ig—o0, —1/2).

The solution set consists of those points whose distance-fi®m greater than or equal to their distance
from 2. In interval notation, the solution set[is1/2, co).

The absolute value inequality — 11| < 0.02 is equivalent to the double inequality
—0.02 < x — 11 < 0.02. From this it follows that 1@8 < x < 11.02, soL = 10.98 andU = 11.02.

The double inequality-3 < x < 9 describes an interval of length 12 centered at 3. Since the interval is
closed, the interval is the solution set of the inequalty- 3| < 6.

The double inequality-7 < x < —4 describes an interval of length 3 centered-&fl/2. Since the interval
is closed, the interval is the solution set of the inequakity- 11/2| < 3/2.

The interval has length 10 and is centered at 5; it is an open interval. Therefore, the interval is the solution
set of the (strict) absolute value inequality— 5| < 5.

The interval has length 6 and is centered at 1; it is an open interval. Therefore, the interval is the solution set
of the (strict) absolute value inequality — 1| < 3.

The interval has length 10 and is centered at 2; it is a closed interval. Therefore, the interval is the solution
set of the absolute value inequaljty— 2| < 5.

The inequalit. < x < U means thak lies in the intervalL, U]. This interval hasnidpoint (L + U)/2
andradius (U — L)/2 (draw a picture to convince yourself). Thus the original inequality is equivalent to
the absolute value inequality

X —(L+U)/2l < (U —-L)/2

The distance between the points/isxz — x1)2 + (Y2 — y1)2 = v/ (3— 1)2 + (4— 2)2 = /8 =2V2.

The distance between the point§ﬁ$3 - (—2))2 +(2- (—5))2 =./98=72.
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APPENDIX B: REAL NUMBERS AND THE COORDINATE PLANE

SinceM is the midpoint of the segment joinifgandQ, M = ((xl +X2)/2, (Y1 + yz)/2). Therefore,

dM, P) = /(1 — (%1 + %2)/2)2 + (y1. — (¥1 + ¥2)/2)°
2 2
_ X1 — X2 yi— Y2
() (252)

d(M, Q) =/ (x2 — (%1 + %2)/2)% + (2 — (v + ¥2)/2)°

(o) (252)

The desired conclusion follows from the fact thigs — x1)2 = (X1 — X2)2 and(y2 — y1)? = (y1 — Y2)2.

and

The circle with radius and centera, b) is described by the equatigrn — @) + (y — b)2 =r2. Thus,
(x — 12 + (y + 2)2 = 9 is an equation of the circle with radius 3 and cef@et (1, —2).

Completing the square:
324+ 3y° 44y =7 < x>4+y>+4y/3=7/3
— x®4(y+2/32 =259
& /X2 + (y+2/3)2=5/3.
Thus the equation represents the circle with radj&dnd cente(0, —2/3).

Most of the work is done in Example 7 of this section. (See the picture there.) All that remains is to see that
the distance fronm; to my isa/2. A look at the coordinates @fi; andm; shows that this is so.

The set is a closed interval with radius 5 centered at 2. Therefore, in interval notation, tHe-8e¥is

The set is an open interval with radiusentered ah. Therefore, in interval notation, the set is
(a—b,a+Db).

There are various ways to do this. Here’s a way that involves solving a quadratic equation.
(Another—similar—approach uses the Pythagorean rule.)

The points we want are of the form, —3), for some unknown values af Which values ofk work?
The fact about distance says that

13= V(X — 12+ (=3 —2)2 = /(x — 1)2+ 25,

Squaring both sides gives the quadratic equatfr 2x — 143= 0. To solve this, either factor or use the
guadratic equation; the result is that= 13 orx = —11.

Conclusion: The two points we're looking for af&3, —3) and(—11, —3).

The interval between5 and 3 has length 8 and centet. The desired set is the points that aok part of
this interval. Thus, the given set is the solution of the absolute value ineqbalityl| > 4.

The given set can also be described by the double inequality x < 5. This is an interval of length 12
with center at-1. Therefore, the set is the solution of the absolute value inequalityl| < 6.

LetT denote the temperature in the room. Th@h,- 100 is how closeT isto 100 F and| T — 32 is how
closeT is to freezing. Therefore, the given sentence is equivalent to the ineqidalityl0Q < |T — 32|.
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53.
55.
57.

59.

61.
63.

65.

67.

69.
71.

Forany,|r| >0 — |r| > —2 s a true statement.
If3<r <7,thenlfr > 0,|r| =r. Thereforey >3 = |r| > 3is a true statement.

No. The hypothesis3 < x < 11 allows the possibility that = 10, a possibility that violates the given
inequality.

No. The hypothesis3 < x < 11 allows the possibility that = 0, a possibility that violates the given
inequality.

Yes. The hypothesis3 < x < 11 implies thatx| < 11. Thus, the given inequality must be true.

No. The hypothesis3 < x < 11 allows the possibility that = 0, a possibility that violates the given
inequality.

No, the hypothesis3 < x < 11 means that = 11 could be true. However, this valuextiolates the
given inequality. [NOTE: The double inequality-3 < x < 11 is equivalent to the absolute value
inequality|x — 4| < 7.]

The inequalitys| < 1 is not true for all values o that satisfy the inequality-2 < s < 1. For example,
s = —3/2 satisfies the condition that2 < s < 1, but|s| = 3/2 > 1.

For any numbes, |s| > 0.
We'll work with inequalities:

X —3] <0.005 <« 2995<x <3.005
ly—2] <0.003 <« 1997<x <2003

Adding the last two inequalities gives
4992< x+y <5008

or, equivalently,
(X +y) — 5] <0.008
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APPENDIX C: LINES AND LINEAR FUNCTIONS

1. Let(x31, y1) and(Xz, y2) be points on a vertical line. Since the line is vertical = x2. Therefore, the
denominator of the expression for the slope of a lie-{ x1) will be zero. This means that the slope is

w

11.

13.

15.

undefined.

(a) Since theg/-coordinate of both points is the same, the line is horizontal. Thus, the line is described by

the equatiory = 3.

(b) The slope of the line i63 — 3)/(1 — (—2)) = 0.
(c) The line intersects thg-axis at the point0, 3). This point is they-intercept of the line.

(d) The line¢ does not intersect the-axis, so it does not have anintercept.

(a) If A= 0, the equation becomdy = C or, equivalentlyy = C/B — the equation of a horizontal

line.

(b) If B =0, the equation becomésx = C or, equivalentlyx = C/A — the equation of a vertical line.

(c) If A# 0andB #£ 0, the equation can be written in the foym= (— A/B)x 4+ C/B — the equation of
a line with slope— A/B.

. SinceA = (1, 3) andC = (6, 2), the slope of the secant line through these two points is

(2—3)/(6—1) = —1/5. The equation of the line that passes through the tir8) with slope—1/5is
y=(-1/5(x—1)+ 3= —x/5+ 16/5.

. SinceC = (6, 2) andD = (9, 3), the slope of the secant line through these two points is

(3—2)/(9 — 6) = 1/3. The equation of the line that passes through the [6ir#t) with slope ¥3 is
y=(1/3)(x—6)+2=x/3.

The slope of the secant line(@3— 4/8.9)/(9 — 8.9) = 10(3 — 4/8.9). Thus, the secant line is described by
the equatiory = 10(3 — v/8.9)(x — 9) + 3 = 10(3 — v/8.9)x + (90//8.9 — 267).

The slope of the secant line(isog1.5) — cog1.3))/(1.5 — 1.3) = 5(cog1.5) — cog1.3)). Thus, the
secant line is described by the equatios: 5(cog1.5) — cog1.3))(x — 1.5) + cog1.5).

(@)
x || 10| -3 |o| 1 5 7
f(x) || 0.544| —0.141| 0| 0.841| —0.959 | 0.657
(b)
AX 7 3 1 4 2
Ay | —0.685|0.141|0841| —1.80 | 1.62
Ay/Ax || 0. — 098 | 0.047 | 0.841 | —0.450 | 0.81

(c) The values ofAy/AXx are not (even approximately) constant.

(d)

X 135 | 1.37 | 1.40 | 141 | 143 | 147

f(x) || 0.976| 0.980| 0.985| 0.987 | 0.990 | 0.995
(e)

AX 0.02 | 003 | 0.01 | 0.02 | 0.04

Ay 0.004 | 0.0054| 002 | 0.003| 0.005

Ay/Ax || 0.209| 0.185 | 0.165| 0.150 | 0.120
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17.

19.

21.
23.

25.

27.

29.
31.

33.

35.

37.

(f) The values ofAy/Ax are (very!) approximately constant.

The cosine graph resembles the line that passes through theéb(u:im(l)) ~ (1, 0.5403 with slope
(c0os101—c0s099)/(1.01— 0.99) ~ —0.8415. An equation of this line ig = —0.8415x — 1) 4+ 0.5403.

y = 12(x — 2) + 8 The grapty = x° resembles the line that passes through the gair8) with slope
(2.013 — 1.99%) /(2.01 — 1.99) ~ 12. An equation of this line iy = 12(x — 2) + 8.

The slope ot is(0—2)/(—2—1) = 2/3.

Sincel passes through the poi¢it, 2) with slope 23, L can be described by the equation
2

No. L passes through the poiat, 27) if and only if (;r, 27) is a solution of the equation
y = 2(x — 1)/3+ 2. Since it is notL. does not pass through this point.
(a) The given information implies that the line is described by the equatio2(x — 2)/3 + 1.
(b) The perpendicular line has slop&/2. Therefore, it is described by the equation
y=-3x-2)/2+1.
Lines parallel to thg-axis are vertical. The vertical line that passes through the @i is x = 2.

The liney = 5x + 7 has slope 5, so lines perpendicular to it have slefpgs. The line with slope-1/5
that passes through the poirt3, 1) is described by the equatign= —(x + 3)/5+ 1= —x/5+ 2/5.
(@) Thex-intercept of a line is the point whese= 0. Thus, thex-intercept is(a — b/m, 0).
(b) They-intercept of a line is the point whese= 0. Thus, they-intercept is(0, b — ma).
(c) In point-slope form, the equation of the lineyiss mx + (b — ma).

If k # 0, the equation 2+ ky = —4Kk is equivalent to the equation= (—2/k)x — 4. Thus, the line will
have slopenisk = —2/m.

If k # 0, the equation 2+ ky = —4k is equivalent to the equation= (—2/k)x — 4. Thus, in this case,
the line has slope-2/k # 0. If k = 0, the equation becomesg 2= 0 so the solution of the equation is just
the point(0, 0). Thus, there is no value &ffor which the equation describes a horizontal line.
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Appendix D

1 (x+3)@xY+7) =x-ax "+ 7x + 37x7 + 21 = 7x18 4+ 3ex1" + 7x + 21

3. Yes, itis an expression that involves only the sum of constants and constant multiples of positive interger
powers ofx.

5. T(w) = 3+ 4w = 3+ 4w?. Since the highest power of the variable is 1, this is the degree of the
polynomial.

7. Since the highest power of the variable is 5, this is the degree of the polynomial.
9. Since the highest power of the variable is 123, this is the degree of the polynomial.

11. No. Ifx + 2 were a factor op, thenp could be written in the fornp(x) = (X + 2)q(x), whereq is a cubic
polynomial. This implies that + 2 is a factor ofp if and only if p(—2) = 0. However, since
p(—2) = —24 £ 0,x + 2 is not a factor ofp.

13. (a) The degree gf is the sum of the degrees of the terms. Thus, the degrpasf
1+14+2+1+1+4+3-9=33.

(b) The graph ofp crosses the&-axis wherever the graph of one of the terms in the definitiop ofosses
thex-axis. That is,p crosses th&-axis atx = 0,x = 2,x = 6,x = —8, andx = 1. Thus, the graph
of p crosses the&-axis 5 times.

(c) phasarootak if p(x) = 0. Using the factored form g, it is clear thatp has roots ak = —8,
x=0,x=1,x=2,andx = 6.
15. p(X) = X+ 16)(X —2)(x — 1/3)

17. This problem is takes some care. In particular, it's important to read the graphs carefully to find the
locations of roots.

(@) Graph C« (i); Graph B« (ii); Graph A < (iii); Graph D < (iv);

(b) The quadratic polynomial shown in Graph C hastsat —4 and 1, sax + 4) and(x — 1) arefactors.
Therefore,p must have the fornp(x) = k(x — 1)(x + 4) for some constark. To find the value ok,
notice from the graph thgi(0) = —4 = k(—=1)(4). Thus,k = 1 andp(x) = (x — 1)(X + 4).

(c) Since the roots are atl, 1, and 2, and the polynomial is cubic, it can be written in the form
gx) = k(x + 1)(x — 1)(x — 2). To findk, note from Graph D that (apparentigjO) = 2; from this it
follows thatk = 1. Thus, the equation §(X) = (X + 1)(X — 1)(X — 2) = x3 — 2x% — x + 2.

(d) From Graph A we see thatl is the root in question. Therefore
POX) = (X+1)(X*+5) = X+ D +9),
wheres is still to be found. Since(2) = 15,
15= 2+ 1)(2*+9) =3(4+5),

sos = 1. Thereforep(x) = (x + 1)(x2 + 1).

(e) The function can be written in the forp(x) = ax? + bx + c. Plug in the pointg0, 2), (-3, 5) and
(2, 10) to find the coefficients, b andc. After some algebraic manipulation the result is
P(X) = X% + 2x + 2.
Another approach is to see that the vertex i6-t, 1), so the equation is of the form
y = k(x + 1)2 + 1, for somek. Sincep(0) = 2 (see the graph) it follows that2 k + 1, ork = 1.
Thusp(x) = (X + 1)2 + 1= x2 4+ 2x + 2.
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19. (a) Multiplying out(x + a)3 and simplifying gives<® + 3ax? + 3a®x + a2, as desired.
(b) If p(x) = x®+3x?+3x +1,thenp(—1) = -1+3-3+1=0.
(c) Long dividingp(x) by (x + 1) givesp(x) = (x + 1)(x% + 2x + 1).
(d) Fully factoringp(x) givesp(x) = (X + 1)(X + 1)(Xx + 1) = (x + 1)3.

21. Sincef (x) = (x — )(x + 2), f(x) > 0if x — 1 andx + 2 have the same sign (i.e., both are positive or
both are negative). Thug,(x) > 0if x < —2orx > 1.

23. Since(x — 1)2 > Oforallx # 1,g(x) > 0if X + 3 > 0 andx # 1.

25. Since(x +3)2 > Oforallx # —3,m(x) > 0if X2 —x —4 > 0 andx # —3. Now,
X2 —x—4=(x—(1-V17/2)(x — 1+ v17)/2) som(x) > 0if x < (L — +/17)/2 or
(14++17)/2 <x <3o0rx > 3.

27. p(x) = x3 — x% — 2x = x(x% — x — 2) = X(X + 1)(x — 2). From the factored form it is apparent thahas
roots only atx = —1,x = 0, andx = 2.

29. r(x) = x* — x% = x3(x? — 1) = x%(x — 1)(x + 1). From the factored form it is apparent thatas roots
onlyatx = —1,x =0, andx = 1.

3L t(x) = x4 —2x%2+ 1= (x% — 1)2. From the factored form it is apparent thdtas roots only at = —1 and
x =1

33. X2 + 2x + 1 = (x + 1)? so the polynomial has only one rootyat= —1.
35. X2+ x4+ 1= (x?+x+1/4) + 3/4 = (x + 1/2)? + 3/4. Thus, this polynomial has no (real) roots.
37. x? + 2x = ax? + bx + csoa = 1,b = 2, andc = 0. Thus, the quadratic formula implies that this

. —2+ /22 .
polynomial has roots atT Thatis, its roots ar@ = —2 andx = 0.

39. x24+2x+2=ax?+bx+csoa=1,b=2,andc = 2. Sinceb? — 4ac = 4 — 8 = —4 < 0, the quadratic
formula implies that this polynomial has no real roots.

41. x? + bx 4+ ¢ = ax? + bx + c soa = 1. Plugging into the quadratic formula yields the following expression
for the roots of the polynomia(—b + /b2 — 4c> /2.

1 x2 1 x%241

43. X+ - =—+ = = .
X X X X
5 2 6 3x? 15x 6 3x%+15x+6
45.3<<1+—+—2)=3x+15+—=i+—x+—=w
X X X X X X X
47.
X—3 Xx+6 (X-3yx—-1  (X+6(X+5 (x*2—4x+3)+ (x*+11x+30) 2x*+7x+33
X+5 x—-1 (X+5x-1) (X—-1)(x+5 X2+4x —5  X244x -5
1 x2 1 x?+1
49.x+;=)(7+;:x);|r . This function has no real roots becaxget 1 > 0 for all x.
5 2 3x2 4+ 15x + 6 _ . . .
51'3(<1+§+F)=%' Now, this function has a root i@ + 15x 4+ 6 = 0. Thus, using the

quadratic formula, we conclude that the rational function has rootsna(—s + 4/ 17) /2.

x—3Jr X+6 2x2 4+ 7x + 33
X+5 x—-1 x2+4x-5
polynomial %2 + 7x + 33 has a root. However, sincé Z 4- 2 - 33 < 0, this polynomial has no real roots.
Therefore, the rational function has no real roots either.

53. . This rational function will have a root wherever the quadratic
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Appendix E

1. Foranyb > 0,b% = 1. Therefore, 6% = 1.
3. 64/2=.64=8

5. 64/3 = ((64Y3)° =42 =16
7.16=4% — x =2

9

L 8=B =@ =42 — x =32

11, 4/2 =41 4V4 = 4114 = 454 — x =5/4

13. (Va2 = @Y?)° = al

15. 1=2a°

17. @325 = @)= a2

19.a2a=a?.al=a?=al

21. No—O is another number that is its own square. Tfus 0 is also consistent with the given statement.

It does follow from the calculation above that eithi? = 0 orb® = 1. However, to show conclusively that
b® = 1 takes a bit more work.

X-times

,_/% (X—Yy)-times
b* b-b-. —_— L
23. Assumex > . Then,by m =b-b.-....b=b""Y. If x <y, the argument is similar.
————
y-times

25. Why isa*b* = (ab)* for positive numbers andb and a positive integer? Here’s why:

X-times X-times X-times
a*b*=a-a-...-a-b-b-...-b=ab-ab-...-ab= (ab)*.

The middle equality is the crucial one—it’s legal because multiplication of real numbers is commutative:
we can rearrange thes andb’s any way we like.

27. g(1) = 5= Ae®21 = Ae92 — A =502

29. Recallthab® = d <= log,d = c. Therefore, 8 =4 <« logg4 = 2/3.

31. Recall thab® = d <= log,d = c. Therefore, 10* = 0.0001 <= log;,0.0001= 104,
33. Recallthatlogc=d <= b = c. Therefore, log7 = x < 2X =7,

35. Recall that logc = d <= b% = c. Therefore, log1/25= —2 <= 572 =1/25.

37. Recall that logc =d <= bY = c. Therefore, log,128=7/6 < 64"/° = 128.

39. Foranyb > 0,b'°%¢ = c. Therefore, $916 — 16.

41. For anyb > 0, b'°%¢ = c. Therefore, 18907 = 7.

43. Foranmyb > 0, log, (b° = c. Therefore, log5° = 3

45. e2|nx — (elnx>2 — X2
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47

49.
51.

53.

55.

57.
59.
61.
63.
65.
67.

69.

71.

73.
75.

Recall that for anp > 0, log,(c/d) = log, ¢ — log, d, log, 1 = 0, and log b = 1. Therefore,
Inl/e) =In1l—Ine=0—-1=-1.

Recall that logc? = dlog, c. Therefore, log A> = 2log, A=2-2.1= 4.2,
Recall that log(cd) = log,, ¢ + log, d. Therefore, log16A = log, 16+ log, A=2+21=41.

Foranmyb > 0, logyc=d = bd = bH%=c —= @b 9=c — logyp ¢ = —d. Therefore,
log; ;s A% = —4log;;, A=4log, A= 84.

(@) Rule (B.2)=—> b*/bY = b*~Y
(b) Rule (B.3) = (b*)" =bX"

f(x) =20 =40 = ¥ =2 — 01x=In2 = x=10In2

f(x) =20"X =10 = "X =1/2 — 0.1x =In(1/2) = x =10In(1/2) = —10In2

h(l) =40=20K — 2=€ — k=1In2

j(0)=5=Ae’= A SinceA=5,j3) =10=5e* — 2=e¥ — 3k=1In2 =— k= (n2)/3.
lopg(x +5 =3 = 2=x45 = x=8-5=3

FloegX — X DINS — e — (x—-1)IN5=2x = 2—-In5Xx=—-In5 = x=
—In5/(2—1In5) ~ —4.12082
Lety = logy x. Then,bY = x = log,b¥Y =log,x = ylog,b =log,x = y = (log, x)/(log, b).

y=In (exp(x2)> = x? for all x.
exglnx) = x for all x > 0.

y = exp(3 Inx) = v/ for all x > 0.
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1.

11.
13.
15.
17.
19.
21.
23.

25.

27.
29.

31.

33.

35.

37.

39.

41.
43.

45,

47.
49.

cog1.2) ~ 0.35 because.B5 is thex-coordinate of the point on the unit circle that corresponds to an angle
of 1.2 radians.

. tan2.8) = sin(2.8)/ c092.8) ~ —0.35

. Sin(4.5) ~ —0.98

. X~ 0.52 andx ~ 2.6

. P(t) andP(t + =) are diametrically opposite points. ThereforePift) = (x, y), then

Pt +m) = (=%, =Y.

If P(t) = (X, y), thensirt = yand sirt + 7) = —y = — sint.

The graph through the origin is that of the sine function.

tanx = (sinx)/(cosx), so tarx = 0 if and only if sinx = 0. This happens at all integer multiplessof
For anyx, sin(—x) = — sinx. Thus, sifi—a) = —sina = —b

For anyx, cog—x) = cosx. Thus, coé—c) = cosc = 0.3.

sirfa = (sina)? = b?

sin0= 0.

sin0 O
tan0= — = - =
an cos0O 1

c0%3r/2) = co92nr — 7 /2) = cog2r) cog—mn/2) —sin(2r)sin(—n7/2)=1-0—0-(-1) =0
C0%57/6) = cogw — 7 /6) = cogx) cog—m/6) — sin() sin(—m /6)

= cogrr) cog/6) + sin(rr) Sin(r /6) = —? +0- % = —?
sin(3r/4) V2/2
nCT/D = Coszpi/g ~ oz
1 1 1
SeUAST/3) = CoqBn/3)  coszw —n/3)  cosa/3) 12
sin257r/3) = sin(86r — r/3) = sin(86mr) cog—mx/3) + cog86r) sin(—/3)
=0-.-cogn/3) —1-sin(x/3) = —?

cos(%) = cos(% + &) = cow/4) cogw/6) — sin(x/4) sin(z/6) = @ : @ — @ 1= */‘—ﬁﬁ

sin(f5) = sin(§ — &) = sin(/4) cog—7/6) 4 cos/4) sin(— /6) = 4 . */Té - 4 . % — fo-v2
Yes. For any, sif X + co¥x =1 = co€x = 1 — siré x.

No. sin(x — 7/2) = sinx cog—m/2) 4+ cosx sin(—m/2) = sinx - 0 — cOSX = — COSX

Sir? x

1
coZx T coZx
secx = 1/(cosx), the last equation is equivalent to fan+ 1 = se@x.

Yes. If cox # 0, then SIfX +cogx =1 = . Since tarx = (sinx)/(cosx) and

sins — t) = sinscog—t) + cosssin(—t) = sinscost — cosssint

sin2t) = sin(t +t) = sint cost + cost sint = 2 sint cost
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Appendix G

1. Notice that there are two runs of fence of lengtand one of lengtlx. Therefore, the cost information
impliesthat3 x +2-2-y = 3x + 4y = 900, or, equivalentlyy = 225— 0.75x.

(a) By the formula above, areax -y = x - (225— 0.75x).

(b) We must have botk andy non-negative, s@ > 0 and 225- 0.75x > 0. Notice that
0.75x < 225 = x < 300. Thus the domain oA is the closed intervdl, 300].
A'is aquadratic function, with roots ak = 0 andx = 300. Hence thenaximum value of A occurs at
the vertex, which lies midway between the roots—i.ex at 150. (The corresponding value pfis
225— 0.75- 150= 1125 feet; thus the “best” plot has dimensions 1501125'.)

The corresponding area, thereforefigl50 = 150- (225— 0.75(150)) = 16875 square feet.

(c) With twice as much money we'd have 3- 4y = 1800 — y = 450— 0.75X, so
A(X) = x(450— 0.75x). As before A is quadratic, this time with roots at= 0 andx = 600, so the
maximum occurs at = 300. The maximunarea, therefore, is

A(300) = 300- (450— 0.75- 300 = 67500 square feet
Thusdoubling Zeta's money quadruples the area of Zeta's fence.

A couple of notes:
» In both cases Zeta spends half the money on “horizontal” fence and half the money on “vertical”
fence.
» The problem can also be done by working withaameter, sayM, for the amount of money
available.

3. (a) Ifxisthe length of each cut, the completed box has dgptividth” 100 — 3x and “height” 50— 2x.
The volume, therefore, is the function

V(X) = X - (100— 3x) - (50— 2x).

(b) The volume function is best maximized by plotti¥g A plot shows that the volume appears to take
its largest value—around 21,058 cubic cm-xif 9.4 cm.

5. Proportionality means that that= kB for some constark. Now A = 1 andB = 2 means that & 2k, so
k=1/2,or A= B/2. Similarly, A=m/C, A= 1, andC = 3 imply that 1= m/3, som = 3 and
A=3/C.

(@) FromA = (1/2)B andA = 3/C we see that ifA = 10, thenB = 20 andC = 3/10.
(b) Note that(1/2)B = A=3/C — B = 6/C. This means thaB andC are inversely proportional.
(c) If B=10, thenA = (1/2)(10) = 5andC = 6/B = 6/10 = 3/5.

7. Consider a circle of radius Then,d = 2r is the diameter of the circle and its area is
71?2 = n(d/2)? = (w/4)d?. Thus, the area of a circle is proportional to the square of its diameter. (The

constant of proportionality is /4.)

9. We are told that ifv is the weight of the object andlits distance from the center of the earth, thes- rER
So if w = 200 andd = 10000 we get

200 — k=2x 101

_k
~ 1000@¢
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2 x 1010
(a) From abovew = Xd—z

10%0
(b) To getw = 100 we need 106 2 x w7 Solving ford givesd? = 2x 108 = d ~ 141421 miles.

Notice that (b) says that to halve we must multiplyd by /2. This is consistent with the proportionality
statement in the hypothesis.

11. Tr)=r/44+ /32 +(6-r)2/3when0<r < 6.

13. Letr be the radius of the circular pon8be the surface area of the pond, ande the volume of water in
the pond. ThenS = nr2 andV = nr2/2. Thus,S= 2V.

15. Let the numbers beandy. Sincex + y = 45,y = 45— x. Thereforex? + y? = x2 + (45— x)2.

17. Assume that the side of the triangle parallel toxtkexis has length 4 m and that the side of the triangle
parallel to they-axis has length 12 m. Then, the third side of the triangle is theylirel2 — 3x. This
means that if O< x < 4 is the length of the side of the fenced-in rectangular play zone ox-thés, the
area of the play zone i8(x) = xy(x) = x(12 — 3x) = 3x(4 — x).

19. The noise intensity at a pointextm from its source id (z) = k/z?, wherek is a constant of
proportionality. We’'ll assume th&t= 1 for the quieter machine, so tHat= 4 for the noisier machine.
Thus,x m from the noiser machine, the noise intensity {g) = 4/x2. Now, a pointx m from the noiser
machine is 106- x m from the other machine, so the total noise intensity function is
| (X) = 4/x%+ 1/(100— x)2.
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